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I, Ae undersigned, being an officer duly authorised in accordance with Section 74(1) and (4) 
of the Deregulation & Contracting Out Act 1994, to sign and issue certificates on behalf of the 
Comptroller-General, hereby certify that annexed hereto is a true copy of the documents as 
originally filed in connection with the patent application identified therein. 



In accordance with the Patents (Companies Re-registration) Rules 1982. if a company named 
in this certificate and any accompanymg documents has re-registered under the Companies Act 
1980 with the same name as that with which it was registered immediately before re- 
registration save for the substitution as, or inclusion as, the last part of the name of the words 
^•public limited company" or their equivalents in Welsh, references to the name of the company 
m this certificate and any accompanying documents shall be treated as references to the name 
with which it is so re-registered. 

In accordance with the rules, the words "public limited company" may be replaced by p I c 
pic, PX.C. or PLC. 
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Re-registration under the Companies Act does not constitute a new legal entity but merely 
subjeqtsJhe company to certain additional company law rules. 
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GLUTEN BIOFOLYMERS 

FIELD OF THE INVENTION 

5 This invention relates to a modified ghiten Wopdyraer for use in itMJustrial 
applications, such as composites, stabilised fbssns and xoolded aitioles of 
nunu&ctuxes. The present invention relates to a new gluten based biopolymer with 
modified prqperties, like an inoreased iratpact sferengtib, and prepared by u«ag tbiol- 
containij^ molecules. The invention fijrthennorc nOates to a new composite mstenal 
10 comprising g^uteo-coatad fiber, its use and the method for preparing the composite 
material. 

BAOSXHtOXlND OF THE INVENTION 

15 An ixKxeaae in environmental awareness has givai the n»tedalB community impetus 
to develop cost-eflFective biomaterials with adequate mechanical properties. While 
research in recent yeaia has led to an improved understanding of tib.e properties of 
natural fibers, the problem of identifying a cost-eflfective biopolymer matrix materia] 
or composite mat^al with suitable properties remains xmresolved. 

20 

Plant protems, such as for example vi*eat proteins, aie interestiag renew^ible »w 
materials and aheady a wide variety of Copolymers based on plant protdns has been 
used and investigated, alone or in mixtures, in order to obtam for ^mple edible films 
and coatings. The plant proteins investigated include soy proteim, corn zein, wheat 
25 proteins, cotton seed proteins and pea proteins and can be considered as 
heteropolymeis. 

Wheat gluten is a mixhire of monomeric protans (gliadms) and "polymwized" 
protems (ghitenras) linked throu^ intermolecolar disulfide bridges. The gtotanins are 
30 largely implicated in the viscoelastic character of ^uteitx and ghiten prateina ay« 
responsible for giving dough its strengfli and visco-elastic propoties. GQotai «m 
easily be isolated by removing starch and albumina/globulina by gently working a 

1 
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dough under a staaXL stieam of water. AJfter washm& a rubbery ball is left, which is 
called glutea Commercially available gluten fiom Aniyluni corctaio* approodmately 
75% protan, 10% caibohydrat^ < 10% moisture^ 5% lipids and < 1% minerals. The 
ghitCD proteins are fiurthemnore very rich in glutamine and proline. 



Although there is relatively little 'm the literature on the use of gluten in industrial 
applications, wheat ghiten films have been studied in significant detail [Gennadios, 
A, and WeUer, C. L. Food Technol 1990, 44, 63-69.-3; CJontard, K, et aJ j: Food 
ScL 1992. 57, 190-195.; Herald, T. X, et aL FoodSci. 1995, 60, 1147-1150; Roy, S. 

10 et al. 7. Food Sd. 1999, 64. 57-60; Laird, C, et al J. Agric. Food Chem. 2000, 48, 
5444-5449]. It has the ability to form a cohesive blend with viscoelastic properties. 
Many attempts have been made to convert wheat gluten or zdn into a usable 
biodegradable polymer (Guilbert, S. et al Food Add. Contam. 1997, 14, 741; 
Pommet, M. et al. Polymer 2003, 44, 115; redl, A. et al. Meol. Acta 1999, 38, 311; 

15 Pouplin, M. et aL Agric. Food Oxera. 1999. 47(2), 538-543; di Giola, L. et aL Agrio. 
Food Chem. 1999, 47, 1254). Films have been ca«t j&om ghiten protdn disperaiozis in 
water under different pH conditions or m ethandl [Ali^ Y., et at Ind. Crops Prod. 
1997. 6, 177-184]. a was demonstrated that plasticizing agents could be used tp 
improve film fleadbiUty and decrease brittleness (Ali, Y et al. ihdL Crops Prod 1997* 

W) 6, 177-184). Indeed, researchers have observed that the pr^aialion of wheat ghiten 
films necessitates the use of a plasti<azer. In the absence of a phBticLsesr, gluten films 
are brittle and difficult to handle. A number of plastidzers have been explored in the 
past, inchKiins a«h»es (dietfaaoolamhie and triethaoolamme) and pofyols (anhydroua 
glycerol, polyethyleneglycols, and polypropylenegjycols). Typical concentrations 

w iBQge 6om lOg to €0 g^OO g of dry matter [<3wwaadios> A,, and Weller, C. L. Food 
TeOtnol 1990, 44, 63-69.-3, Boy, S. et al. j: Food Set 1999, 64. 57-60]. From three 
known plastidzers (water, glycerol and soxbttol), water was fbund to be the most 
etectivB pbatioizer (Poiqrfin, M., et al. J. Agdc. Food Chem. 1999, 47. 538). 

10 Thus, many research has ateady been undertaken in order to obtain a ghiten or zdn 
based usable biod<^gradable polymer. However, all of theae approaches encounter 
problems and a nsablo *oiadegradaW« polymer has not been described yet. For 
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example, previously reported espadunents, designed to improve the impact strength of 
the ghxtra material require the addition of at least 10-20% (w/w) of some phsAO^^, 
such as glycerol or trieliianolamine. Furthermore, it can be argued that the formation 
of covaleut bonds is a necessary first step inihe development of a stable biopolymer 
s system. Most of the studies presented thus far have relied on plasticwsers that, at best, 
form only lardfogen bonds with the ghiten protein chains (see references above). The 
use of chemical crossluikers to modify the properties of protein-based materials have 
been reported as well, but to induce crosslinking with the protein structure required 
either the use of a catalyst (Ghoipade, V.M. et al. Trans ASAE 1995, 38^ 1805; Latr^, 
10 C. Agric. Food. Chem. 2000, 4S, 5444) or an aggressive radiation treatment (Brmilt. 
D. Agric. Food Chem. 1997, 45, 2964), In a more recent study of Poramet et al. the 
use of fetty acids was explored as a plasticizing agent for gluten. Thdr thermo- 
mechanioal data revealed a "compatibility Hmif ' between the lipid and gluten, beyond 
which phase separation was observed [5]. Despite the apparent incompatibility 
15 between the fetty acid and gluten, the authors maintained that a potymerization 
reaction had occurred between the ghiten molecules and jatly acid chains. 

As a summary, there is stttl a great need for cost-effective biomaterials with adequate 
mechanical properties. Therefore, a goal of the present inventian ia to satisfy this need 

20 by identifying a new biopolymer whh interesting properties such as an increased 
strength, by identifying a method for mcreasing the impact strength of natural psrotdidis 
and fibers and by producing new biodegradable composHe matedals. Ih«refiM». this 
invention describes a method to improve the impact properties of ghitEga Wopolyraer, 
enabling broader usage of gluten in mdustrial appUcatioas. This invention also 

25 describes a new composite material and a process to make ftilly biodegradable 
coocposite material 



SUMMARY OF THE INVENTIDN 



The present invention relates to a new ghzten polymer matibf> with modulated 
material properties. The present invention also relates to the use of said ghiten 
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pobraw matrix for industml purposes, lie present invention Jflfirthenworo relates to a 
process or amethod for preparing said new polymer matrix. 

The present invention also relates to a new biodegradable composite mteri^l 
comprising gluten and a fiber. The present invention &ith«more relates to the me of 
said «*n««>site material for industrial applications and to a process or method for 
pr^aring said composite malsrial. 

The present invention thus relates to a new gluten polymer matrix prepared by usmg 
reducing agents, more in particular thiol-containmg molecules. The px«$ent invention 
relates to a new gluten polymer matri^c prepared by using thioi-contaimng molecules 
or compriang thiol-containmg molecules and having modified material properties. 
The invention relates to a new ghtten polymer matrix oonoprismg tiuol-oontainjing 
molecules and with increased strain and strength, bat with umEBsetod stiffiiess. The 
new gluten polymer matrix comprises s^adins and ehitenins and protems cros*.Iinked 
15 through thiol-containing molecules^ 

The present mvention xelates to a process for preparing the new ghiten polymer 
matrix. The process conqsrises di^eiamg or mixing glnten in the presence of tibdol- 
containing molecules. In a certain embodiment, the process comprises the dispersion 
of ghrten m the presence of at least 0.1 % (w/w) versus gluten or maximally 15 % 
20 (w/w) versus ghiten of a thio^coataxning molecule. In a particnlar embodunent of the 
invention, the ffaiol-contaming molecule is used in stoicWometrical amounts relative 
to the cysteines m gluten. U a certain embodiment of the invention, the gluten can be 
dispersed under alkaUne or addle conditions, in aqueous envinmments such as 
alcohol-water mixtures, by using aiding agents such as hydrogen bond breakers, 
cihaottopic agents and detergents and by using other solvents such as ketones or amide 
solvents. In a particular embodfancnt the ghiten is di^ersed in mild acidic conditions, 
more partioulaily m on acetic add sohition, yet more in particular m O.OS M acetic 
add. In another particular enibodhnent the gbten is dispcised in a alcohol-water 
mhrtur^ more in particular h, a 50% (v/v) propanol-water solution. In another 
«nbodimeitt of the present invention the tWoI-containmg molecules are selected &om 
cysteine dithiotreitol, meroaptoedianol, •TP200 3MP3', 'TP70 31MDP3' or 'TMP 
3MP3». Yet another particular embodiment relates to the use of polytWol-co«taMijittg 
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molecules, more in pBrticuUcr hypocbrajoiclbied polytMol-conlsiiniAg molecules. In a 
particular embodimeot of the invention, U» HAol-^coimSx^ mDlecule used is 'TP2Q0 
3MP3'. 

In anoiher embodiment of the invention, the process for the preparation of the new 
glutea polymer also conqjriBes an isolation step. In a certain embodiment the isoiation 
step consists of predpitating the proteins, for esxample by changing the pH of the 
dispersion or fay changing the concentration of one of the solvents used. Jn a partiwlar 
embodiment <rfthe invention, the precipitation is olrtained by inweasing the pH from 
mad acid conditions to a neutral pH (6.5 - 7.5X more in particular by using dUute 
NaOH. In another embodiment the isolation step comprises the precipitation of the 
proteins and subsequent centrifligation. 

Yet another embodunent of the process comprises the drying of the disperaon^ by for 
example drying on the air, spray-diymg or fieeze-diying -with or without a 
preoipitBtion step or centrifiigstion, 

In yet another particular embodiraent. the process fer the preparaliDn of the new 
gjuten matrix also comprises a conqjression-molding «tep. The campression molding- 
step consists of compression-molding the protein for sevaal nmnrtes, langnog jSom 1 
to 20 ndnutea, more in particular firom 5 to 15 minutes and yet more in paitiouhir for 
10 minutes. In a certain embodiment of the process the oojoo^JwssioiMnoJding is 
performed at a minimMm temperature of lOO'C and a ininimum pressure of 150 bars 
„. for minimum I nunute. In another embodiment the compression-molding step is 
performed at 150»C/200 bars for 10 mmutes. In another particular embodiment the 
process comprises a subsequent coolmg, more in particular to masdmum 40''C over a 
period of at least 15 nunutes and yet more in particular to 20^ over a period of 5 
25 minutes. 

The present invention fiirthecmore relates to a process for preparing a new gbiten 
biopolymer with modulated mechanical properties. moi» i» paxticutar with moduhited 
strength, strain or sdffoess, and yet more in particular vrfth an increased strengfli and 

Strain. 

The present invention also relates to a process for improving the impact properlieB of 
gluten biopolymer with the inchision of low lev^ of a thiol-containing molecule to 
the biopofymer/wad 0>refeably acetic add) di^Jeisiofl^ and as modifying agent 
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preferably mclusion of only 1% (w/W) versus gluten or less than 1% (wAy) v«reus 
gluten of a polythiol-contaudbog molecule^ ia particular a tri-thiol-containing 
hyperbranched molecule. A particular polythiol-conttaiiMig hyperbmtcljied molecale is 
tri-thiol-containing polyol mercaptoester, such as "11200 3MP3" (Pemoip Specialty 
3 Chemicals AB) (fig. 1) or an active structural Bunalogae thereof and the preferred acid 
is acetic add. The poiythiol-contaimng hyperbranched molecule above 0.5% (v/v), 
about 0.5% (v/v), from 0.5% to 0. 1 % (v/v) or less than 0. 1% (v/v) added to and acetic 
soilntioo bl^ded with glutKi, ideally 10 raVg. 

In a ftirther embodiment of present invention a precipitate of ^ten modified by *e 
10 thiol-containing hypabranched molecule, in particular by a tii-tbiol-contaming polyol 
mercaptoester and more in particular by tbe TP200 3MP3, can be fymied by 
inweasing the pH of the slurry from 4-4.5 to «5-6.5. 

Alternatively a method can be used as described above but wherein an alcohol-based 
aqueous solution is used, particularly a 50% (v/v) propanol solution in place of tiho 

15 acetic acid solution. Furthermore, the moist modified-ghitai chunks (modified by tite 
thiol-containmg hyperbranched molecule, preferably by the thiol-containmg polyol 
mercaptoester and more preferably by the TP200 3MP3 ) can be placed in a mold and 
processed at a variety of different pressures and tengjeratures (Fig. 2). The pressure 
can be gradually increased as the water m the ghiten network evaporates. The ghjtem 

20 biopolymer can also be used to ectrude parts of various geometries ^ig. 3). 

The present inv«ution fiathermore relates to a method for preparing a new gbztea 
based polymer comprismg the steps of dispeirsing and mbdng the ghxten in a tiMol- 
containing molecule oontainmg medium, precipitating the teactilon products out of the 
medium, centrlfiigating the mixture, drying the precipitate and compression-molding 

25 the precipitate or a combination hereof The present invention also relates to a metixod 
for prq>aring a now ghiten based polymor comprising the steps of dispersing and 
mixing the ghiten in a thiol-containfaig molecule containing niedhim. dxyiv^ the 
nuxture and conq^ressionrmolding the dried mixture or a combinetioo heieof 

30 The pres«nt invention also rela^ to a new conqiosite material amtaining fiber, 
characterised in that die fiber is coated with ghiten. The new composite .material 
therefore comprises fiber on which gluten is adhered In a particular embodiment of 
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the invention, the fibers used in the coxoposhe material are selected ftom synthetic 
fibers, wooden fibers, noowood fibers, natural fibers, biodegradable fibers or othet 
fibers cooataiBing ceUnlose, Ugnin and/or pentosans. In a more particular embodiment, 
the fiber is flax fiber or glass fiber. 
5 The present invention also retaies to a process for preparing said new con^osite 
matedals. The present invention fijrti>.emQre relates to a process for preparing the 
ghiten-coated fiber, comprising the steps of pre-coating the fxber with ghiten. placing 
the pre-coated fiber in an aqueous medium and diymg the resulting material, 
la a pardcular embodiment of the process fer preparing the gluten coated fibei-, the 
10 pre-coaiing of the fiber can be perfoimed by sprinkling the gluten powder onto the 
fiber or by using the 'fluidised bed" technology. In another embodiment of the 
process for preparing the gluten coated jSber, the pre-coated fiber is placed in a water 
bath for several seconds to minutes, more in partioular in an ailsaline or acidic water 
bath. 

15 Alternatively, the present invention relates to a process fiir preparing ghiten-coated 
fiber, comprising mixing a fiber in a dispersion of gluten, precipitating the gluten onto 
the fiber and drying the resulting material. In a particular embodiment of this process, 
the fibers are mfaced in a dispersion of gluten, with or xvithout thiml-contaimng 
molecules. In a certain embodiment of the inventioi^ the gluten can be dispersed 
20 under alkaline or addic conditions, in aqueous environments such as alcohol-watec 
^ mixtures, by using aiding agents such as hydrogen bond breakers, chaotropip agents 
and detergents and by using other solvents aoch as ketones or amide solvents. In a 
particular embodiment the gluten is dispersed in mild addic conditions^ mote 
particularly in an acetic acid solution, yet more in particular in 0.05 M acetic acid. In 
another particular embodiment «ie gluten is dispersed in a alcohol-water mntuie, 
more in particular in a 50% (v/v) prapanol-water solution. FoUowmg, the ghiten can 
be precipitated onto the fibers or the raiJrture can be evaporated. In a partacular 
etDbodunent of the procesi^ tbe ghiten is psedpltated by cbangmg the pH to 
approximately neutral or by duu^ the concentration of the soJvwts. Yet another 
embodiment of the process conjsprises the drying of the dispersion, by for example 
±yms on the air, apray-drying or fieeze^drying with or without a precipitation step or 
seatd&gafion. 
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In aaolbfir particiilar embodiment, Hm above mentioned st^s can be followed by a 
con^ression-moldine step as desoibed above. 

A fijrther embodiment of present invention is a process to fonn a cohesive gluten 
5 polymer network around fibers. Fibers are covered by gluten powder Cm certain 
embodiments 1/1 w/w) and consequently contacted for a short period (for instance 30 
second) with alkaline water (for instance a pH IIX preferably deionised water with 
base, preferably NaOH or by contacted said the fibers covered by gluten powdw with 
alkaUne water, preferably deioinsed water with a pH of at least 8 or higher for 

10 instance by dipping said mfarture of said fibers and said gluten powder for less than 
one minute in said water. Figure 4 demonstrates gluten coating fibera, by immersing 
fibers with gluten powder in an alkaline water bath for less than a minnte (Fig. 4). The 
fibers can be synthetic fibers (e.g, polypropylene fibers or polyethylene fibers) 
wooden fibers or nonwood fibers (eg. flax fibers)* a cozdbinatioa of wood and 

15 nonwood fibers, natural fibers, biodegradable fibers or other fibere comprising 
cellulose, lignin and/or pentosans. The wood fibers or nonwood fibers can be 
unmodified natural fibers or can be ohcnucally modified. The glutett btopolymef stays 
on the fibers even after the gluten prectpitBte is dried (Fig. 5). 

20 An altwnative approach of ghrten coathig of fibers is to immerse natural wood or non 
wood fibers in a dilute add or dilide alcohol ghrten sohition. The sohible gluten 
molecules are allowed to interpeoetrate the swelling fibers. Optionally polythiol- 
containing hyperbranched molecule above 0,5% (v/v), about 0.5% (v/v), from 0.5% 
to 0.1 % (v/v) or less than 0.1% (vAr) can be added. By hicreasiDg the pH or solvent 

35 evaporation a strong adhesive bound is formed between the natural fibers mi Ae 
gluten. 

The gluten-coated fibers can be used to reinforce ghrten conqjosites by incoiporati^ 
said ghitan coated fibers into heat compression-molded ghitra. The ghitenrcoated 
30 fibers can for histance be added to the acid (preferably acetic add) sohrtiwa wilh Ihiol- 
containing molecules. The thiol-contaimng molecules can be presexit in amounts 
between 0.1% and 20 above 0.5% (v/v), about 0.5% (v/v), fiom 0.5% to 0.1 % 
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<v/v) or less than 0.1% (y/v) and a suspenBiom of gluteo, ideaUy about 10 ml/g to 
modify said glutsn and foaa a precipitate by increasing the pH, ideally ftom 4-4.5 to 
6-6.5. This fibei/ghit^ matrix can be compressionrmolded, for instwice for fcr 10 
miautes at 150 °C at a pressure of 200 bars and cooled to form a fiber reinforced 
5 ^ut«ipoIym@- article. 

The prBsemt invention fiirthermore relates to the indusfcriali use of the above described 
materials. The materials can for ejcample be used in the automotive, food or metUcal 
industry as materials fijr the conBtruction of cars, as pacifea^ roaterial or as material 
10 for the constnictaon of medical devices respectively. 
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BRIEF DESCRIPTION OF THE FIGURES 

Fi&l. Schematic of the polyol ttjuefcaptoester, TP200 3MP3, m+A+o ^ 20. 

5 Wg, 2. f hotogi^h of an unmodified gluten specimen (left) and TP2003MP3- 
modified- gluten specimen (right) obtained by the methods described. These jmat^Ms 
were con^ression-molded for 10 minutes at 150 X at a pressure of 200 bars. The 
ten^)erature of the press was subsequently deoreased to 20 ^'C before the mold was 
removed from the press and the parts demolded. 

10 

rig. 3- Extruded parts of various geometries made j&om gluten biopoLymer. 

Fig, 4, A photograph of flax fibers covered with gluten powder, for illustrative 
purposes only. In the actual eTj^eriment, the flax fibers were coated manually by 
15 rolling thOTi m the ghiten powder. Afterwards, a strainer was used to support the 
gluten powderH:5oated fibers as they were immersed in a 45°C alkalme (pH =11) 
water bath for 30 seconds. 

Fig. 5. A photograph of the gluten biopolymer/flax fiber bundle composite fonooed 
20 after the gluten polymer fonned a priecipitate around the flax fibers. After two days, 
the gluten matrix waa rigid, as most of the moisture ixnisade the gUzten polymer network 
had evapoiBted. 

'Sign 6, Particle size distributions. 
25 a. The asrreceived gluten powder has an average particle diameter of 50 microns, 

b. The unmodified 0.01 M aoedc acid-extracted gjuten fiaction has an aveiage particle 
diameter of 20 miis'ans. 

Fig. 7. Conoparison of mechanical properties of native gluten (sample 20) and thiol- 
30 modified gluten (sample 22). 
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Fig. 8. Water absoiption measurements with plain gjutca and preparation 22 (as 
described m example 6). The data indicste a differencw in molecular structure between 
the jdain gluten and the thiol-^reated ^uten. 

5 Ffe. 9. SB-HPLC for diJGferent san^Jles in order to evaluate the influence of molding. 

a. SB-HFLC for several samples (thiol-modified or not and molded or not) 

b. SE-HPLC for simitar samples but after treatment with diti»otw«tol (DTX) as a 
reducing agent. 

Tbe figure indicates that molded samples contain less gliadin proteins Hiaa unmolded 
IQ samples. This suggests a polymerisation of gliadins in gluteodns through molding 
(pressure and tempwature raise). The data also show that by using a thiol-containir^ 
molecule more gliadhis are present and thus suggests that the thiol-caniaining 
molecule acts as a reducing a^nt and breaks disulfide bridges. 

IS Fig. 10. Mechanical propaties of molded glutew specimens: SfraiTi-tnvfail^ iT*^ 

a. Samples 20, 20b and 25 are native gluten, while samples 22 and 4 were made by 
using stoeichiomBtric amounts of thiol in respect of the cysteines in glutoi. 
Specimens were molded in april. 

b. Samples 25b, 25c, 30 and 30b are nntive gjuten, while sample 22b was made using 
20 stoichiometric amounts of thiol in respect of the cysCeines in gluten, Spedmens 

wesre molded in July. 

25b, 25c etc in the figure hidicate a second or tihiid molding fiwtn ibe same 
preparations. 

h, d and w indicate measurement after one hour, one day or one week respectively and 
25 show that there is a high standaaiddeviation in the results and a high dependence of 
time, ahhou^ a significant dfi^rences between tiie samples is inesent. 

Efe. 11. Mechanical properties of molded ghxten specdmens: StSBn^ 
For the same samples and under the same conditionB as in figure 10. 



Fig. 12. Mechanical properties of molded gluten specimens: gtifl&saa 
For the same sonples and undor ths same conditions as in figure 10. 
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Kg. 13. Picture of mold witiiout and with a gluten sampie. 

Rg. 14. Strain, strengfli aad stif&ieBS of several samples, regular commercially 
5 available gluten OR^.Glu), samples 18, 20, 21, 22, 23 and 24 (as explmaed m 
example 6). The cubes from left to right reflect measurements 1 hour, 1 day aad 1 
•wedc after molding respectively. 
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10 DETAE-ED DESCRIPTION OF THE INVENTION 

The terminology used herein is for the purpose of describing particular embodiments 
only, and is not intended to limit the scope of the present invetttiQa 

15 I>efin}tions 

As used in the specification and the appended claims, the tenns "fibers" and "fibrous 
materials" include both morganic fibera or febric and orgaiiic fibere and febric. In 
general, fibers can be classified mto three categories: wood, nonwood. and nonplant. 
Pibars that may be incorporated into ^uten matrix preferably uadude naturally 
occurring organic fibers, such as cellulosic fibers extracted from hemp, cotton, plant 
leaves, sis4 abaca, bagass^ wood (both hardwood or softwood, examples of which 
inchide southern hardwood and soutliem pine, respectively), or stems, hxsks. shells, 
and ihjits or any nonwood fibw as defined hareundo; or moiganio fibers made from 
glass, graphite, sHica, ceramic, or metal materials. Any equivalent fiber which imparts 
strength and flexibility is also within the scope of the present invention. 
The torn "nonwood fibers" as used herein is thus to dislutguish plant fibers from 
wood fibeni (softwood or hardwood), the fibers can be derived fixnn selected tissues 
of various mono- or dicotyledonous plants. And are categorized botandaUy as grass, 
30 bast; lea^ or fruit fibws. The nonwood fibers can also be dassified by msMs of 
production such as sugar cane bagasse, wheat, straw a»d com stalks byproduets. They 
can also be grouped as "fiber pla^ta^ plants witix Ush ceMose oontent that are 
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composites from renewable reaourees that are fiur less ©spensiv© Aaa Hbm syndietic 
oounterpartB. The present invention showed Ihat an otherwise t>rittle protdn-based 
materialcould be tough^ed by doubling tbs yield stress and strain to Mure, without 
ooiupx>misuDg stifiOiess. 

5 

In the pres^ woiik, tine fibacture toughness of the gluten polymer was improved by a 
ftctor of ten or more with the addifion of a ihiol'<;ontaiaing molecule such as a tri- 
Uiiol-containiBg modifying agent (with less than 1% (wAv) used). The thiol-comming 
molecules have another notable attribute, namely, that under proper chemical and 

10 envuronmental conditions, it has the potential to bond chemically with the gluten 
biopolymer via sulphydryl/disulfide exchange reactions, giving rise to a potentially 
more stable material (e.g. a stabilised gluten foam). In addition, the process does not 
require the addition of other solubilizing agents, such as reducing agents or salts, to 
obtain a homogeneous dispersion. When glutenin chains are syzxthesized^ two cysteine 

15 residues on each chain preferentially form interchain disnlphid© bonds (SS) resulting 
in linear arrays of polypeptide chains. 

The present invention relates to the incorporation of tbiol-conlaining molecules, fiw 
instance TP200 3MP3 from Perstorp Specialty Chemicals AB, into the gluten 
biopolymer with the possibility of crossKoking it with the ghjtera netwojdb; givteg nse 
20 to a tougher material system. Inherent challenges in processing gluten axe attributed to 
the low solubility of gluten in most solvents, as well as its high melt viscosity. 

Results of the research showed that when a thLal-contaiiiing molecule was used in the 
pr^aration of the ghrt«i polymer and possibly incorporated into the network structure 

25 of the gluten polymer, material's stram-to-ailure md stWMgth can be increased 
without compromising Stimiiess (Figures 10, 11 and 12). Fuithermorc, water 
absorption resists indicate that the presemse of a tbiol-cootaining moleoile leads to an 
increase in molecular crosslink density (Figure S). Finally, BPLC da*a of molded 
tituol-modxGed ghzten are consistent with that of a polymcsr that has been finiher 

30 crosdinked figure 9), 
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Another important aspect is that the results show that there is a certain aging effect 
that fiuther improves the medianical properties of &e new gluten biopolymer (Figures 
10, 11 and 12) 

The research also resulted in the devBlopment of gluten biopolymer-modified fiber 
(flax or glass) and bundle, demonstrating a process to make fUUy biodegradable 
composite materials. Qualitative analysis suggests that a strong interface between the 
natural fibers and biopolymer matrix can form spontaneously under tJie proper 
conditions, preohiding the need to rely on more traditional chemical treatments to 
promote fiber/maim adhesion. 

In order to be able to chemically modify ^ut«i or to coat ^utea on fibers, gluten 
needs to be dispersed. Several methods fiw the px^mratton of chemically modijSed 
gbiten or gluten coated fibess described, use a dispwsion of glutei. Several methods 
and agents can be used to obtain a dispiarsion of ^hxten: 

• (MS^ (xAiK/aOaHm cmStimsr. Probably the most geode way to disperse gluten, 
is to bring the ghiten m an environment ifrith a decreased pH. Decreasing l3ie pH 
(around 4 or lowor, witfx for example HCl in water, dilute acetic acid or lactic 
acid) allows to solubilise a part of the ^uten protdns and suwly allows to make a 
homogenous "dispersion'' of the total gluten. Also alkaline conditions (f.e. NaOH 
in water) allow to make a homogKaous dispersioa 

However, stong alkaline or acid conditions will further help sohibilisiag ghiten but 
will affect the protean structure (deanudaticni, modification of some amino acids, 
peptide bond hydrolysis, etc.). 

An advantage of disperaiag under (mild) acidic or alkaline conditions is that 
proteins can be precipitated by a simple change m pH towards neutral where 
glutOT protrans are totally insoluble. This type of predpitation can than be applied 
after puttfaig fibers in a gluten dispersion to make the ghiten proteins e£5deotIy 
stick to tike fiber material 

• Aqueous cdcohol soluii<ms\ Alcohol/water mixtures are very often used in gbiten 
research to solubilise part of the ^ten proteins (ca 50 % can be sohibilise<0 aad 
the total ghiten can be homog^aousbr di^sed in alcohol/water nurtures. 
Ivfixture of 70% ethaool or 50% propanol can for example be applied ifor tlus 
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purpose. Some other prot«n% like for example oorn zeins (the "gtalan" equivaleat 
from com) are sohible in pure metihBnol. 

The &ct that ghxtm protedns are only sohible/iUspersible at certain alcohol 
concentrations offers the possibility to precipitate them by changing this 
5 concentration (adding more alcohol or by dilution with water). The alcohol can 
also be removed by evaporation. 

• aitUng agmts-. Several agents are often used m gluten research either in pure water 
or in one of the above solvents to aid solubflisation of gUiten prolans. Often 
several agents are combined to solubilise ghiten proteins. However, protein 

10 structure is nearly always affected in tins way. 
Following aiding agents are used; 

a/ reducing agents (e.g. sulfites, cysteine, glutathione, dithiotbreitol): by lowering 
the molecular wdght of the protdns they enhance their solubility (obviowsiy tlwy 
also drastically change their structure and fbm^onality) 
IS b/ hydrogen bond breakers (e.g. urea) 

c/ diaotropic agents (e.g. guanidiojum hydracfaloiide) 

d/ detergrats (e.g. ^him dodecyl soli^ ce^ tmnethyl anunonium bromide) 
e/ salts: increasing the ionic strength is known to deca-ease the sokbflhy of gluten 
proteins. However, in the literature it can ^^ao be found that incubation of ghitea 
20 in salt would mcrease the aolubi% of g^ten pwjtdns in distilled ddonised water. 

• other solvents'. Literature describes the use of other solvents (e.g. ketones, amide 
solvents) for these purposes (£e. sdhibiUsation of aeins). 

Drying of materials can be performed hi severfa. ways. Materials can be dries on the 
2$ air, by using spray-diymg or fteeze-drying. The matraials can also be placed in an 
eodcator or a heathig gun, combmed viih water attracting compounds. The solvents in 
a miscture can fiirtiffirmare also be evaporated by ushig a rotovapor. or by applying 
vacuum. Spry-drying can for eRRample be perPormed under the following conditions: 
conqnressed ahrP » 4 bars; inlet r= 130 "C and oudet T= 95 - 105 'C. 



The fiuidised bed technology can also be used in the invention in oredr to pre-coat the 
fibers with gluten. With for esaag|>le BTTs E-Preg* process, carbon fiber or fiberglass 
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fabric is passed throTjgh a special electrostatic fluidized bed coater capable of 
depositiiig fehjtea) powder on both sides of the ws*. Elecfirostatic attt^oa causes 
the powder to adhere to the substrate^ which is fiicn passed through an ovea to melt 
and flow the powder into or onto the fiber. 

General methods and mateaials 

Commercial wheat ghrteai [70,2% protein content on dry basis as detennined by liie 
igeldaU metfiod (w X 5.7)] irom Amyhun (Aatet. BelgiuTO) was used in t3Ws study. 



grspBTBtipn of a wcw FHi itm biopolvmer bv usinp fMfti-can»»i«^ ^^pr ^^A^y^^?" 
The chemical modification of g^Bn can in general be obtamed through nuxing ghiten 
with a thiol-containing molecule in an aqueous n»diiim. By subsequent compression 
moldktg a material with modified properties is obtained. 

15 The tWol-cotttaining molecule was added in amounts calculated in respect to the 
experimentally detennmed cystema content in the gluten (gluten contains 
apprDjdmately 13.8 mmol thiol iSraction - this can be derived fix>m fbe amount of 
cystebe in gluten). As an example, the principle of a 1:1 stoichiometric mixture can 
be appUed to allow one mole of TP200 3MW SH groups to inteiract with one mole of 

20 ^ttten cysteme groups. The basic procedure Evolved preparing a gluten dispersion 
containmg Ihe thiol-containh^g compound and leawng the nHOKture to stir overaight. 
mostly in a refiigerator (6-8t). The fbllowing day the contents were dried ae. 
fieeze-dried) over a oertaui period Ci-e. four days). Afterwards, the dried contents were 
homogenized using a mortar and pestle, passed through a micron-size sieve, and put 
25 on a rotating shaker overnight Specific details pertaining to individual samples are 
provided below. 

Commression mnldiTip; 

Compression molding was always periformed with thiol-modified gluten and ghiten 
30 coated fibers to produce a molded material. Specimens and gluten samples can be 
compression molded by e^plying a certain pressure and temperature, i.e. at 200 
bars/lSCC for 3 to 15 rain. Specimens were prepared in a 10 cavity mold. The mold 
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was carefiiUy prepaped using a mold release agent, previously applied and cured 
bejfore gluten powders were used. 

Preparadoa of tduten coated fih^p 
5 The general method used in orderto obtain a gluten coated fiber was to bring the fiber 
into contact with gluten in an aqueous environment. In one method the gluten is pre- 
coated with gluten powder by sprinkling or by the flhiidised bed method. 

Mechanical property datarmiyiiirtf 

10 

Tefoile Test Hie 10 specimou prepared from each miolding exerdse were used in 
tensile tests. Spedmens were tested within 1 hovir of moWwg^ after 24 bows* and ajftcr 
7 days. At each testing time, 3 of die egpecimrais were used. In those cases "srfnere 10 
hi^ quality spedmens were obtained, tibe 10* specimaw is being saved fer evaluation 

15 after several months. All specunens were stored at ambient conditions so th© tests 
after 24 houra and after 7 days provide prelinunaxy indications of ten^oral stability of 
the material. The teats were conducted on a computer inter&ced Instron 1011 with a 
1000 Lb load cell. Load data were collected at a rate of 10 s•^ and each test was 
repeated 3 tunes. The stress str»n curves (Figure 7) w«e evaluated to piovide 

20 modulus, fiilure stiaui, and yield strength. Modulus was determined by fitting a 
strajght line to the strMs strain curves in the wly region at strains below Vz %. 
Chorpy In^ptjct tesi: For fte xneasurem^ of fiaciaire toughness, the Charpy impact 
test could be ^Ued and was conducted in accordance with ISO-Norm 179. 
TTffve ptom bend test; the three pcrint bend tes* was peeifonned as described in 

25 literature and is well known to a person skdlled in the ait 

Wtater absorption st«f^: the water absorptiott studies were performed as described in 
litMvture and is well known to a pwBon skilled in the art 

Moleculaf wmafat determinHtinn; Size exclusion- high p^ftirmance liquid 
30 chromatography (Se-HPLC) 

Samples were dissolved (2.5 mg/2.5 ml) in a phosphate-sodium dodecyl sulphate 
(SDS) buffer tO.OSM sodium phosphate, approxiraBtely pH 6.8, containing 2.6% (w/v) 
SDS], filtered (approximately 0.45 ^m) and a fraction was loaded on a Pheoomenex: 
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were otrtamed by adding 1 % rffn,;«rt,«.v i * . samples 
y umg 1 (w/v) drthiothreitol to the phoaphate-SDS buffer. The 

P-pomoo of i™,**,, ^ *<« peak ^ rf^^ ^ 



Examples 
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Of ..ec^^Scal propels <rf pbin ^ ^ 

epo^. Ic^ta^^ p„,,«^,„. ^ ^ ^^^^^^^^^^^^^ 2 



Polymer 



Poh^iropylene 



Apparent E^moduJIus 
CMPa) 



3555 



Epoxy 



Low density FE 



1000-1600 



2600-3800 



100-260 




Temsile Strength 



43 



31-37 



50-79 



10-12 



Charpylaq^act 
Strangtli (fcj/m*> 



2.48 



14 



7.5 



39 



68 



T*l.l. M«*«^odpr<,p«ti«ofvariou.pcW.«*,^c<>t^ 
matnx material processed at 15ft "rm u 

test. barB as measured by the IWPomt-BoKl 
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ThO apparexit E-modulus and taisile streagth of wheat gluten seems on par with a 
number of commonly used synthetic polymers. However^ a drawback is the fact that 
Ihe impact strength of cured gluten is relatively low. The impact strength increased 
whOT glycerol was added to&e matrix, howev^ this results in the lowering of the B- 
3 modulus and tensile strength. 

Example 2 

The thiol molecule, 'TP200 3MP3*, was en?>loyed in this example. Ghjten powder 
(150 g) was added slowly (over a period of 1 14 tea at room tenxpjsTOture) to 1.5 L 0.05 

10 M acelic add sohrtion containing 0.1% (v/v) of •TP200 3MP3\ The mixture was 
sdned continuously as the ^uten powder was added to Ihe sohitiotL The dispersion 
waa put on a shak« in a refiigerator and left ovCToight. A bomog^ous dispexsion of 
the gluten proteins in the acetic acid was obtmned, enabling the •TP200 3MP3' 
molecule to interact directly with the ghrten protehis. The material was recovered by 

15 precipitation upon increasing the pH (from 4.5 to 6.5) by addition of dilute NaOH. 
Afterwards, the gluten/solvent nrixtuxe was separated by centrifugation (10,000 &, 20 
°C, IS min) and the modified-gluten precipitate was stored in a refrigerator until 
fiirther use. The molded material could than be obtained by compression molding the 
previously prepared powde(r. 

20 

JExample 3 

In this experiment, a 50% (w/w) propanol/water solution was used in place of the 
acetic acid solution, and the solvent was evaporated by 'rotavapping' the modified- 
gluten/solvent mixture at 50 ""C. However, subsequent removal of the dried 
25 biopolymer from the glass flask was difficult due to the strong adhesion between the 
gluten network and the glass. To be able to easily remove the biopolymer, before all 
the propanol is evaporated, dilute acetic acid can be added. 

Upon incorporating 0. 1 % (w/w) of *TP200 3MP3* in a 50% (v/v) propanol sohition, 
the fracture toughness of molded gluten was increased from 3 kJ/m? to an average of 
30 36 kl/m^ as measured by the Charpy Impact test. Individual fracture tougjmess 
measurements of four six-day-old TP2003MP3-modified gluteal specimens included 
the fi>llowing: 47.1 kJ/m^- 24.2 kT/n^, 34.2 kJ/m^, and 39.2 kJ/m^* Specimens were 
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Zlrf^ ^ -U"- «mph . Ctapy iMpac. 

sIKoga of 3 J B/W (I» Nbim m Mmdart aaly^). 

Bimipte 4: Pnramlon .rri tnynt<r.t<nn nf ^ lirr Tn r , 

a«u»noljoitaflb«,).Two*^™„^^^^^^^ 

fl«fib«.n,,te«.co«rifibB.rea™to«t.iter«v^™^ 

tell, punwe of p«prt«g ft. aloi™ coated gn™ fib«,. 4, 

"™ 8»dei*«. ab« "2400 p 319 El" lh.M Owe.. Corni,^ ^ ^ 

«fWof.h.f,uidi«doha„*.,^3««0.atax»a«dft.^««on«7ba.. 
»^»»P«nte« «. « 12^,70-0 a^d 175 X. ,«p«iv„y, ^ 

««d. ™„ „^ved. na ov« ™. „« us«. to melt tie gtee^ b« ™^ 

^d.7*.fib«.A.fl«gh«»p™^^a,^^,^^_^^^^^^- 

'«-»»*pl«dn«maI,yutf^.ifl^.„^^„.^^^^^^ 
tfnten motocde. in dose pradmijy wiU, the fiber mifiicft 

flmr MlaTBd mmpi. immfrTfi, 

1) Ptato8h«.n: „lv»u»dO.MMAoQH; co*m,ft.,^e^«^ 
tliion^a2S0imc3ron3ieve 

2) ^;^*»--l-/-<wA.)II^O3]^3;salventused:0.05MAcCttft 
dned, milled, and passed through a 250 mioron sieve 
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3) gluten + 1% (w/w) TP2003MP3; solvent used: 0.05 M AcOH; cotxtents freeze- 
diied^ milled, aad passed through a 250 nuQion sieve 

4) ^ten + S.8% (w/w) TP2003MP3; solvent used: 0.05 M AcOH contents fireeze- 
dried, milled, aod passed through a 250 mioron sieve 

5 5) ghiteu + 1% (w/w) TP20(»MP3; solveiri: used 50% PrOH; contents fteeze-dried, 
and hoxnogemzied with a xnortar and pestle 
Q plain gluten; solvent wed 70% EtOH; contents &ee?^dried (twice), homogemzed 
with a mortar and pestle, passed through a 400 micron sieve, and put on rotating 
fftiaker overnight 

10 7) ghiten + 0. 1% (w/w) DTT; solvent used: 70% EtOH; contents freeze-diied 
(twice), homogenized with a mortar and pestle^ passed throng a 400 mic»x>n 
sieve^ and put on rotating shaker overnight 

») gluten + 0. 1% (w/w) DTT + 0.5% (w/w) KIQ3 (present in excess); solvent used 
70% EtOH; contents fireeze-dried (twice), homogenized witih a mwtar and pestle, 
15 passed through a 400 micron sieve, and put on rotating shaker ovemiglbt 

9) gluten + 0. 1% (w/w) DTT + 1% (w/w) TP2003MP3 + 0.5% (w/w) KIQ3 (present 
in excess); solvent used: 70% EtOH; contents fireeze-dxied (twice), homogenized 
with a mortar and pestle, passed through a 400 micron sieve, and put on rotating 
shaker overnight 

20 10) gluten + 0.1% (w/w) DTT + 1% (w/w) TP2003MP3; solvent used: 70% EtOH; 
contents fireeze-dried (twice), homogenized with a mortar and pestle, passed 
through a 400 micron sieve, and put on rotating shaker overnight 
11) plain gluten; solvent used 70% EtOH; contents fteeze-dried (twice), homogenized 
with a mortar and pestle^ passed through a 400 micron sieve, and put on rotating 

25 shaker overnight. 

18) gluten + 6.5% (w/w) China reed fibers; solvent used 0.05M AcOH; contents 
fi-eeze-dried (twice), homogeneous on a macroscopic scale; mortar and pestle not 
used to avoid fiber breakage 

19) ghiten + 29.4% (w/w) China reed fibers; solvent used 0*05M AcOH; contents 
30 freeze-dried (twice), inhomogeneous on a macroscopic scale; mortar and pesfle 

not used to avoid fiber breakage 
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2<.)pldn glut™; solvent .s^ 0.05 M ^OH; come* 4«.e.^ i,„„^ ^ 

22)gh««.. 5.8% (W.) 1P200SMP3; ».«m»»d0.05M oo«em.W 

put on rotaing shakier ovsniigii 

taed,h<,u.„,e„i«a™.h.u«^^^^^^^^^ 
and put on rotating shataa-ovenriglit 

i4)glut»*3.2%(w/„)TO703MK^O.5«KIQ,:^^0.05MAcOH: 
400nBcron«eve.andputon.ot.tingalak.ro™^gh, ^ 

'"^*^'^''**"-™■•^»*^-"«»^«- 
26)gh„e„ . fw„, ^ ^ , M AcO,* contents Wdtied. 
ionmgenlzed with, nmrtar and pe»tltiM««d.l™,,rf,.^ • . 
ontot.«.«d«teov«ngh. '^'~^*^'*X'«»«"-'^«»<P«. 

27>gk,.en* 1.0*4 («/»)DTr. aol^ntuaed 0.<«MAnCat oo«e«, 6^-^ 
^on^^.™^^^^^^^^ 

on rotanqg shako- oveniigfat -.-^ f^, 

28)^H-l,.«.(^)^MP3;«,^entu.«.0.05MAcOH;oon.««sttec». 
•ad put on totaling shaker ovemto ra<»<»»»Bve. 

"^^^^''^^^^-^^ »iven, used 0.05 MAcQH; content, iW 

d«4hon>og««,«Mt.nK«ara,dp«Ue.passedth,,»«ha400nnc,on* 
and put on iDWiag alnto OTtm^ 
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30) plaia gluten; solvent used 0.05 M AcOH; contents fireeze-dried, homogenizwi with 
a mortar and pesti^ passed liirough a 400 imcron sieve» and put on rotating ahalcBr 
ovemiglit 

31) gluteal + Sx[5.S% (w^> TP2003MP3]; solvent used 0.05 M AcOH; contents 

3 firee2»-dried, homogenized with a mortar and pestle, passed tbroij^ a 400 micron 
sieve, andputonrota(ti^gshakfi»^oy^gfat 

32) glDten + lQx[5,8% (wM TTPaOOSMPS]; solvent used 0.05 M AcOH; contents 
freeze-dried, honuigraized widi a mortar and pestfe» passed throi^ a 400 noioron 
sieve, and put on rotating shaker overnig^ 

10 33)gluten+ 15x[5.8% (wAv) TP2003MP3]; solvent used O.05 M AcOH; contents 

fireeze-dried, homogesoized with a mortar and pesde, passed through a 400 mioxm 
sieve, and put on rotafling shaker ovefroight 

Exagf^p}e.7;re$a^t^ pfc^Tgp^y^mCTt^ 
15 The strain, strength and stiffness of several samples has been measured. Results are 
shown in figures 10, 11, 12 and 14* The results show an increase in strain and 
strength, while the sdfiSiess remahis unaSTected fbr diiol-modified gluten polymers 
and for gluten-coated fibers. 
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CLAIMS 



J) A composite material ooirprising fiber, cha«ct«ised in that the fiber is coated 
whh gluten. 

contauung molecules. 

3) A process for preparing a composite n«terial of daim 1, characterised in that the 
proceas comprises the steps of pi^coating the fiber with ghiten, placing the pr«- 
<^<i fiber m an aqufioua environment and drog the resultitgniateri^ 

4) A pmces« for adhering ghrfen to fiber, co«pri^nnxing gluten 
aqueous environmeiit. 

5) A gluten polymer matrix ^ modulated material properties resulting fiom the 
use of a thiol-containii^ molecule during the prepamtion of the glutea polymer. 
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This invention consists of a modified gluten biopolymer for use in industxial 
applications, such as composites and foams. In the preseontt y^ris^ the firacture 
5 toug^ess of the ghiten polymer was improved with the addition of a 11uoi«containiQg 
modifying agmt. This woiic also resulted in the development of a ghrten biopolymer- 
modified fiber bundle, demonstrating the potential to process fully biodegradable 
composite materials. Qualitative analjrsis suggests tiiat a reasonably strong inter&ce 
between the natural fibers and biopolymer matrix can form spontaneously under the 

10 proper concfitions. 

Therefore this invention relates to a modified ghiten biopolymer for use in industrial 
applirations, such as composites, stabilised foams and molded articles of 
manufactures. The present invention relates to a new gluten based biopolymer with 
modified properties, Uke an increased impact streioigth, and pr^ared by u$ing thiol- 

is contfflmng molecules. The invention fiirtheimore relates to a new composite material 
compri^ntg gluten-coated fiber, its use and the method for preparing the conq[)osite 
material. 
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